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Introduction {#s01}
============

The prevalence of enuresis is between 15 and 25% at 5 years of age. Although nocturnal enuresis has a spontaneous resolution rate of 15% per year, by the age of 15 years it persists in 0.5--1% of the population, and it may have a deep impact on a child or young person\'s behavior, emotional well-being and social life. It is also very stressful for the parents/care givers \[[@bib-001],[@bib-002]\]. The exact definition of enuresis has been revised over the years. The last terminological change was made in 2006 by the International Children\'s Continence Society (ICCS) report which was updated in 2014, and enuresis is now located under intermittent incontinence. Usage of the term "enuresis" is recommended to define nighttime intermittent incontinence, although "enuresis nocturna" may be used to add extra clarity. However, it has been recommended that usage of the term "diurnal enuresis" should be avoided and "daytime incontinence" should be used \[[@bib-003],[@bib-004]\]. Since that report there has been a reduction in the usage of "enuresis" without "nocturna", resulting in a consensus on routine usage of the term "enuresis nocturna" (or nocturnal enuresis).

Nocturnal enuresis has undoubtedly occurred since the earliest days of humanity and the first reference may be found in the Ebers papyrus of 1550 BC. In 1472, Paulus Bagellardus of Padua published the first book on diseases of children, including a chapter entitled "On incontinence of urine and bedwetting". In the eighteenth century, enuretic children were subjected to a variety of chemical and mechanical treatments. For example, Dickson in 1762 applied vitriol to the sacral area to raise a blister and provide counter irritation \[[@bib-005]\]. Despite thousands of years of recognition of the problem, it is clear from the current literature that the etiology is not well understood and that there have been few therapeutic advances. In most cases the "real" etiology is not known and the success rate of therapy not as high as it should be.

The causes of bedwetting are not fully understood. Bedwetting can be considered a symptom that may result from a combination of different factors. There are a number of different disturbances of physiology that may be associated with bedwetting. It is hypothesized that bedwetting is related to genetics, sleep arousal dysfunction, maturational delay, stress, poor toilet training, altered smooth-muscle physiology and, occasionally, organic causes. In the past, enuresis has also been thought to be a psychological problem, but now it is more commonly thought that psychological problems may be the result of enuresis instead of being the cause. In fetal life, bladder contraction is regulated with a reflex arch, which is mediated by sacrospinal ganglia. With age, the centers in pons, medulla and the cerebral cortex take up their roles and suppress this reflex arch, and bladder capacity also increases. In order to achieve nighttime continence, the maturation of different systems (such as abolition of spontaneous bladder contractions, circadian secretion of antidiuretic hormone \[ADH\] for regulating nighttime urine volume and attainment of sleep arousal) need to act together in synergy. Delay in this maturational process may result in enuresis.

Many urodynamic studies have shown that bladder function falls within the normal range in most children with nocturnal enuresis. Unstable contractions are found in up to half of sleep cystometric studies, but these contractions do not necessarily lead to incontinence \[[@bib-006]\].

The fact that bedwetting occurs while sleeping suggests the hypothesis that enuretics have a sleep disturbance that allows them to sleep too deeply. Although there are conflicting data, a summary of nighttime encephalography, monitoring of eye movements and urodynamic findings suggest that the sleep patterns of enuretics are not different from those of the normal population. Instead, enuresis is related to a delay in central nervous system (CNS) development or, more accurately, dual delay in the development of the perception and inhibition of bladder filling and contraction by the CNS \[[@bib-007]\].

About 50% less urine is normally excreted during the night than during the day. A circadian rhythm of plasma arginine vasopressin, which normally increases at night, is responsible for this fact \[[@bib-008]\]. Many children with nocturnal enuresis have similar levels of arginine vasopressin during both day and night, which might cause the development of nocturnal polyuria. This nocturnal polyuria is thought to overwhelm the bladder\'s ability to retain urine until morning \[[@bib-009],[@bib-010]\].

As described above, nighttime detrusor overactivity, lack of arousal from sleep/maturational deficit of the brainstem, and increased nocturnal urine output have all been shown to play a part in enuresis. Some experts, like Yeung *et al*., combined these causes, suggesting they were parts of a single pathophysiological process \[[@bib-011]\]. Yeung *et al*. proposed that severe enuretics have a smaller capacity bladder with unstable nighttime contractions combined with an abnormal brain-bladder dialogue that causes light sleep, with frequent cortical arousals, but an inability to awaken. In summary, however, in most cases there is no specific known etiology, and therefore we define enuresis as a "symptom" that may have many causes.

Work-up and Confirmation of Diagnosis {#s02}
=====================================

In the last four years, guidelines for the management of enuresis have gained popularity as a means of standardizing care. In all, the diagnostic approach can be summarized as making certain that the enuresis is "monosymptomatic": ruling out significant anatomic and neurologic causes, as well as separating out those patients with daytime symptoms.

A carefully obtained history, a thorough physical examination and urinalysis are sufficient for most children who present with bedwetting. The aim of this evaluation is to identify those children who require further investigation. Parents should be questioned about their family history and the child\'s medical history. Careful questioning of parents and children can be extremely helpful in determining the type of enuresis and a possible cause or contributing factors.

Children with enuresis usually have normal results upon physical examination. However, in cases of enuresis the physician needs to check the flanks and abdomen for masses, including an enlarged bladder. The lower back should be inspected for cutaneous lesions, dimples or any variant of spina bifida. Often an anal wink can be elicited, which suggests that local spinal cord reflexes are intact.

Urinalysis is performed to assess specific gravity (can the child concentrate their urine?) and urinary glucose level (to rule out diabetes mellitus), in addition to blood/protein analysis (signs of nephrologic abnormalities), and to rule out urinary tract infection. If the history, physical examination and urinalysis are negative, no further investigations (such as radiographic studies or cystoscopy) are needed.

The authors of the consensus paper on guidelines for the management of enuresis proposed a two-step approach \[[@bib-009]\]. Assuming the basic work-up is normal, they recommended treating constipation, regulating eating and drinking habits, and reassuring children and families that this is common and that there is no serious medical problem. These are all components of the initial treatment strategy, which was defined as "urotherapy" by the ICCS \[[@bib-004]\]. In addition, it should be emphasized that most children will spontaneously resolve at a rate of 15% per year, even with no treatment. Regarding constipation, it has been well accepted that this occurs concomitantly with monosymptomatic nocturnal enuresis. The ICCS paper reports that many physicians and parents have used different definitions of constipation and, to solve this issue, the authors recommend usage of Rome III criteria for diagnosis. Although, there are no clear data showing that the treatment of constipation helps nocturnal enuresis, in our opinion constipation should be diagnosed and treated when possible \[[@bib-012]\].

If this first step is unsuccessful and the family is motivated to do more, the clinician should proceed to the second step. This would include a detailed daytime and nighttime urinary diary. This helps to be more certain that the patient has truly monosymptomatic nocturnal enuresis (with no daytime issues) and also provides more data about bladder capacity and nighttime urine volume.

After the above work-up and confirmation of the diagnosis of monosymptomatic enuresis, more aggressive treatment can be considered. Some families will be happy that there is no serious medical issue and that there is a high spontaneous resolution rate. If, however, families do wish to proceed with treatment, there are two effective alternatives, which have level 1, grade A recommendations in guidelines.

Treatment {#s03}
=========

Bedwetting alarm {#s03_1}
----------------

Although the exact mechanism of alarm therapy is not well understood, one of the possible mechanisms has been explained by classic conditioning theory. The child is woken by the bell in order to get up and complete voiding into the toilet. A more appropriate approach is an operant type of behavioral technique in which the child learns to suppress his/her bladder emptying during sleep \[[@bib-013]\]. Alarm therapy is associated with a significant increase in nocturnal bladder capacity in those children who become dry. It is has a response rate of 60% and the long-term success rate was reported as 43%. The Cochrane review by Glazener *et al*. \[[@bib-014]\] reported that nearly half of the children who persisted with a bedwetting alarm remained dry after treatment finished, compared to almost none remaining dry if no treatment was given. Although desmopressin may have a more immediate effect, alarms appear more effective in the long run and the evidence for supplementing alarm treatment with desmopressin was conflicting. Results using alarms were also better than those when using tricyclics, both during and after treatment.

Disruption of sleep for both parents and the child and the relatively long duration for obtaining the result of the treatment are common causes of discontinuation.

Desmopressin {#s03_2}
------------

Desmopressin is a synthetic analog of arginine vasopressin, which reduces urine output. We believe that desmopressin treats nocturnal enuresis by decreasing urine volume at night. Desmopressin has been available as an intranasal spray and in tablet formulations for the treatment of primary nocturnal enuresis for many years; a convenient, sublingual oral desmopressin lyophilisate (MELT) formulation is a more recent development \[[@bib-015],[@bib-016]\]. Success rates and making the decision to switch from tablet to MELT formula were compared. Juul *et al*. reported that the probability of being a responder to desmopressin therapy, along with compliance, was higher in those who used the MELT formula \[[@bib-017]\]. It is a well-tolerated drug with some uncommon side effects such as headache and emotional disturbances, and a very rare possible side effect of water intoxication \[[@bib-013]\].

In the Cochrane review, it was reported that desmopressin was effective in reducing bedwetting compared with placebo but that no difference persisted after treatment was finished \[[@bib-018]\]. Recent papers also reported that desmopressin therapy has a response rate of 70% during the treatment period. Discontinuation of therapy causes a high relapse rate, which can reach 60% \[[@bib-003],[@bib-013]\]. There are two factors responsible for this high relapse rate. The first one is "the definition of success". In order to interpret the results, initial response is defined as a 50% decrease in wet nights, partial response is a 50--99% reduction in wet nights, and full response is 100% reduction \[[@bib-004]\]. In our opinion, success should be defined as "complete dryness". The other factor is the withdrawal method for desmopressin; although it has been in widespread use for years, the best withdrawal method is still not clear. Ferrara *et al*. compared two withdrawal methods: abrupt withdrawal and structured withdrawal (60 μg/day for 15 days, and then 60 μg every second evening for another 15 days). They did not find a difference in relapse rate between the groups \[[@bib-019]\]. These results were not supported by the study of Haciyev and colleagues who compared relapse rates in four groups of enuretics, in which two different structured withdrawal strategies were compared to placebo and sudden withdrawal. The reported relapse rates after structured withdrawal with MELT formulation were lower. They also found that high initial dose, and a higher number of wet nights before treatment was initiated, was associated with higher relapse rates \[[@bib-020]\]. In our opinion, sudden withdrawal of the drug does not correct the disorder but just corrects the inappropriate rhythm of arginine vasopressin secretion.

Treatment modalities {#s03_3}
--------------------

The most important step in management is choosing between these modalities. We derived [Table 1](#tbl-001){ref-type="table"} from the recent consensus paper and suggest that it be used as a guide to simplify this decision making step \[[@bib-009]\]. On the other hand, a significant number of children will be therapy resistant, even though the appropriate modality was chosen, and the management of these children may be very difficult. The full response rate to alarm therapy is 65% and the cure rate is 43%, and 31% and 22% respectively with desmopressin therapy \[[@bib-002]\]. The first option for this therapy-resistant group of children is a combination of alarm and desmopressin therapies. However, about 30% of children also do not respond to combination therapy.

###### Therapy choices for children with enuresis \[[@bib-009]\]

![](medrep-06-106-t001)

  Scenario   Bladder Capacity   Nocturnal Urine Volume   Therapy
  ---------- ------------------ ------------------------ ------------------------------------
  1          Normal             Normal                   Alarm Therapy or Desmopressin
  2          Small              Normal                   Alarm Therapy
  3          Normal             High                     Desmopressin
  4          Small              High                     Alarm and Desmopressin Combination

The possible pathology and treatment modalities can be summarized as follows:

\(a\) The child may have small bladder capacity. In this case, oxybynin might be the drug of choice. Drug combinations were reviewed in a 2012 Cochrane paper by Deshpande *et al*. They found that, for drugs *versus* behavioral therapy, bedwetting alarms were found to be better than oxybutynin, and also better than oxybutynin plus holding exercises, in reducing the number of children failing to achieve 14 consecutive dry nights \[[@bib-021]\]. However, a combination of desmopressin plus an antimuscarinic drug may be a more effective alternative to desmopressin monotherapy. This combination therapy was also found to be successful as a first-line therapy in a study by Park *et al*. \[[@bib-022]\] and, although this is promising, we keenly await independent confirmation.

\(b\) Some of these children may also have daytime incontinence, which was not discovered initially. A strict voiding regimen should be added to desmopressin plus alarm combination therapy for these children \[[@bib-002]\].

\(c\) Some of the non-responders may have absorptive hypercalciuria and may become desmopressin-responders after using a low-calcium diet \[[@bib-002]\].

Psychological effects {#s04}
=====================

The psychological effects of nocturnal enuresis are significant. There are relatively few studies that focus upon the psychological impact and health-related quality of life of children who experience bedwetting. In addition, studies of effectiveness have focused on the achievement of dryness as the primary outcome, rather than how treatment might affect social and psychological aspects as well as the quality of life of children and young people and their families. However, in this regard, there have been several studies. Caldwell *et al*. reported that the children\'s lower self esteem scores increased after successful treatment, and only 14% of the children were happy and did not want therapy for enuresis \[[@bib-013]\]. In a different study, Cederblad *et al*. explored the everyday dilemmas of the parents of enuretics and identified two main patterns of coping: unworried "wet-bed-fixers" and anxious "night launderers". The latter group cannot talk about enuresis publicly, thereby avoiding the thought that their child has psychological problems. The parents also wondered about the limiting effect of enuresis in their child\'s present and future life \[[@bib-023]\]. In another study, Kanaheswari *et al*. found that enuretics have lower body self-esteem scores, which impair their social relationships. Lower scores correlated with severity of enuresis, more advanced age and female gender \[[@bib-024]\]. Some studies have shown that self-esteem improves with improvement in the enuresis, but some children and parents may benefit from psychological support. However, it should be remembered that the main reason for treating enuretics is to avoid the negative impact of enuresis on social life and psychological status \[[@bib-003],[@bib-013],[@bib-025]\].

Adult Consequences {#s05}
==================

The goal of enuresis therapy can be defined as "avoiding bedwetting". However, a significant number of the children who were "cured" may suffer from nocturia in their adult life. In a German study, bedwetting in children was shown to be associated with nocturia in later life (*P*=0.0747; odds ratio 1:351) \[[@bib-026]\]. In another study, nocturia was found to have a disruptive effect, reducing productivity by almost 25% in the working population \[[@bib-027]\]. Similarly, D\'Ancona *et al*. reported that adults with incontinence were more likely to have a history of childhood enuresis \[[@bib-028]\]. Thus, although we may be successful in treating the symptom of nocturnal enuresis in these children, there may well be long-term sequelae of the disorder that we are not fully aware of.

Conclusion {#s06}
==========

Nocturnal enuresis is a complex problem and the best way to treat it is to determine the exact etiology. In most instances this is not possible. Hence, success is generally focused on reducing the number of wet nights. Whatever the success of the therapy, the psychological aspects of the condition should be considered. Finally, data are just emerging on the adult consequences of the condition and this will be an area of great interest in the future.
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